Un-metabolized solvents in urine as a marker of exposure to solvents in concern 1) has been gradually accepted as an indicator of occupational solvent exposure. For example, both the Japan Society for Occupational Health (JSOH) 2) and the American Conference of Governmental Industrial Hygienists (ACGIH) 3) in 2014 listed 7 solvents (i.e., acetone, dichloromethane, methyl alcohol, methyl ethyl ketone, methyl isobutyl ketone, tetrahydrofuran and toluene) in urine as quantitative markers of the occupational exposure (i.e., biological occupational exposure limits or BOELs for JSOH and biological exposure indices or BEIs for ACGIH) in 2014.
The typical procedures to establish an occupational exposure limit (OEL) are based on an analysis of the relationship between the 8-hour average intensity of exposure to a chemical and its health effects 2, 3) . In contrast, BOEL values for some solvents are based on the exposure-excretion relationship, i.e., the urinary solvent level (in end-of-shift samples) corresponding solvent exposure at the OEL level (e.g., in cases of toluene, toluene in the end-of-shift urine after 8-hour toluene exposure at OEL level) 2, 3) . That means that quantitative data are needed on solvent exposure intensity and resulting solvent levels in end-of-shift urine samples. Although urine sampling is not invasive, such a database is not always available for all solvents.
The present study was initiated to investigate the possibility to estimate a BOEL from a physicochemical parameter of a solvent, such as P ow (i.e., the partition coefficient between n-octyl alcohol and water). To do this, the regression line slopes in the relationship between solvent exposures and the levels Abstract: Estimation of biological occupational exposure limit values for selected organic solvents from logartihm of octarol water partition coefficient: Toshio KAWAI, et al. Osaka Occupational Health Service Center, Japan Industrial Safety and Health Association-Objectives: For several organic solvents (solvents in short), biological occupational exposure limits (BOELs) have been established for unmetabolized solvents in urine, based on the solvent exposure-urinary excretion relationship. This study was initiated to investigate the possibiliy of estimating a BOEL from the P ow (the partition coefficient between n-octyl alcohol and water), a physico-chemical parameter. Methods: Data were available in the literatures for exposure-excretion relationship with regard to 10 solvents for men and 7 solvents for women. Results: Statistical analysis revealed that the slopes (after correction for molecular weights and logarithmic conversion) of the exposure-excretion regression lines linearly correlated (p<0.01) with the log P ow values the respective solvents. No significant difference (p>0.05) was observed between men and women, and it was acceptable to combine the data for the two sexes. Thus the log P ow -log slope relation was represented by a single equation for both sexes. Based on the observations, procedures were established to estimate BOEL values from P ow . Successful estimations of BOELs for styrene, tetrahydrofuran and m-xylene (a representative of xylene isomers) were calculated as examples. Conclusions: The present study proposed promising procedures for estimation of a BOEL from the P ow . (J Occup Health 2015; 57: 359-364) Estimation of biological occupational exposure limit values for selected organic solvents from logartihm of octarol water partition coefficient of un-metabolized solvent in urine were obtained from published reports 4−15) , and the relation of log Slope (i.e., the logarithm of the slope of the regression line between the exposure and the excretion) with log P ow were analyzed.
Materials and Methods

Database
Exposure-excretion relationship data for 10 solvents were obtained from previous publications of this group 4−15) ; the relationship data included the intercepts, the slopes and correlation coefficients of the calculated regression lines between the 8-hour time-weighted average exposure intensity (in ppm) and the levels of un-metabolized solvents in end-of-shift urine samples (in µ g/l in general, but in mg/l for acetone and methyl alcohol), together with numbers of cases studied (Table 1) . It should be added that the all correlation coefficients were statistically significant (p<0.01). In these studies, 8-hour time-weighted average exposure to solvents was measured by diffusive sampling, and urine samples were collected at the end of the shift; routine procedures in solvent exposure monitoring were followed. 1 In the regression line Y=α + β X, X is the 8-hour time-weighted average concentration in the exposed air in ppm, Y is the concentration in the end-of-shift urine in µ g/l in general (mg/l in the cases of acetone and methyl alcohol), α is the intercept (in µ g/l or mg/l), and β is the slope (in µ g/l/ppm or mg/l/ppm). 2 Correlation coefficient. The correlations were all statistically significant (p<0.01). 3 Case numberweighted average for acetone A, B, C and D, for methyl alcohol A and B, or for toluene A, B, C and D.
Molecular weights and CAS numbers were obtained from the database of e-ChemPortal (2004 version) 16) , and log P ow values were obtained from the database of CHRIP (2014 version) 17) . The values are summarized in Table 2 . Cases for m-xylene and styrene were also included for reference.
Ethical issues
Informed consent was obtained from each participating worker at the time of the surveys. It should be noted that no ethics committee had been established at the time of field surveys (i.e., the studies for databases) for reviewing the study design. Thus, the study design was retrospectively submitted in 2014 to the Ethics Committee in the Industrial Safety and Health Association (Tokyo Office), Japan for reviewing. The Committee confirmed that the data in the manuscript were all cited from previous publications, and that the study met with the exemption criteria.
Statistical analysis
Absence of significant differences (p>0.05) between pairs of regression lines was confirmed by the comparison of intercepts, slopes and correlation coefficients 18) . The Excel Statics software 19) was employed for equations of 95% lower and upper limit curves.
Results and Discussion
Comparison of regression lines among male and female workers
Database studies on male workers were found for 10 solvents through literature retrieval. Among them, two or more studies were available for 3 solvents, i.e., 4, 2 and 4 studies in the cases of acetone, methyl alcohol and toluene, respectively (Table 1) . For these solvents, case number-weighted average of slope values were taken as the representative slope values for the solvents (the values in italics in Table 1 ). In the case of women, database studies were available for 7 solvents, but only one database study was found per solvent. Thus, one regression line slope was available for each solvent, i.e., 10 solvents in the ase of men and 7 solvents in the case of women (Table 3) .
Taking the log P ow values as the independent variables and log Slopes (after division . 3 Represented by m-xylene. When calculations were performed with 10 solvents for men and 7 solvents for women, and regression line parameters were compared between men and women, no significant difference (p>0.05) was detected (data not presented). Thus, it was considered that the two regression lines (one for men and one for women) could be combined by taking the average values. Thus the averages were taken for the 7 solvents for which slopes were available for both men and women. Slopes were available only for men in the cases of the remaining 3 solvents (i.e., 1-bromopropane, 1,2-dichloropropane and 1,1,1-trichloroethane; Table 3 ). Accordingly, 10 cases in total were employed for further statistical analyses. The equation thus established together with the 95% upper and lower limits are depicted in Fig. 1 2 (Eq. 3), respectively. The high correlation coefficient for Eq. 1, −0.913 suggested that there existed a close correlation between log P ow and log Slope. In the case that a BOEL is to be established based on the linearity between the time-weighted average solvent concentration in air and the solvent concentration in end-ofshift urine, it is possible to estimate the BOEL from the OEL once the slope of the regression line is estimated. It should be added that the background excretion of the solvent (i.e., solvent in urine from non-exposed subjects) is substantially lower than the levels observed in the urine of s workers exposed to the solvent at the OEL level (except for the case in which the target chemical is physiologically excreted, e.g., the case of urinary acetone).
Proposed procedure to estimate a BOEL from log P ow It should be noted that the applicability of the following procedures is limited in principle to the cases in which the endogenous excretion of the target solvent is nil in urine from non-exposed subjects. 1. Search a proper database for the log P ow of the solvent. 2. Insert the log P ow to Eq. 1 to calculate Y 1. The equation will give an estimate for the slope (α ) of the regression line between the solvent concentration in air (C air ) and the concentration in urine (C urine ) so that C urine = α × C air . Insertion of the log P ow into Eq. 2 and Eq. 3 will give the 95% lower and upper limits of the variation in the estimated slope (α −95 and α +95 ). 3. Calculate the slope from log Slope. 4. Insert the OEL value in the following three equations of C urine = α × C air , C urine = α −95 × C air , and C urine = α +95 × C air . 5. As C urine is calculated in nmole, apply the molecular weight of the solvent to convert it to traditional units (mg/l or µ g/l).
Agreement of the estimated biological occupational exposure limits with existing BOELs (or BEIs)
Calculations were made for the estimated exposure limits together with their 95% confidence limits for the solvents listed in Table 1 . The results (together with data for styrene, tetrahydrofuran and m-xylene) are presented in Table 4 .
Comparison of the calculated estimates with the existing BOELs and BEIs suggested that agreement was very good for toluene (both JSOH and ACGIH), acetone (ACGIH) and methyl alcohol (JSOH). The 95% intervals were too wide to carry any practical meaning in BOEL (or BEI) estimation.
Of particular interest is the case of xylene (represented by m-xylene), for which neither a BOEL nor a BEI has been set. Good agreement of the estimate was observed with the BOEL and BEI in the case of toluene. Xylene (a structural homologue) has a greater molecular weight and a higher P ow than toluene (Table Fig. 1 . Linear regression between log P ow and log slope for relation between the 8-hour time-weighted average exposure to each solvent and excretion of un-metabolized solvent in the end-of-shift urine. See the text and Table 1 for details. The unit for the slope was nmole/l/ ppm. Each of the 10 dots represents one solvent. The solid line in the middle is the calculated regression line, whereas the two dotted curves show the upper and lower 95% confidence limits, respectively. For equations, see the Results section.
2). Thus, the estimate (after rounding of the value) of 0.02 mg/l for a 50 ppm OEL or 0.05 mg/l for a 100 ppm TLV sounds quite reasonable. Styrene (or styrene monomer) is another possible candidate for estimation of BOEL value in urine. Both JSOH and ACGIH gave a BOEL or BEI, respectively, for styrene in blood but not for styrene in urine 2, 3) . Tentative application of the estimation procedures to styrene with an OEL of 20 ppm 2) gave an estimate of 0.012 mg/l for the BOEL (Table 4) . By structural analogy of styrene (i.e., vinylbenzene) to toluene (methylbenzene), application of head-space gas-chromatography may be possible for analysis of styrene in urine. Styrene is a reactive chemical and may polymerize automatically (to form polystyrene). The risk of polymerization during sample collection and analysis processes, however, should be minimal at the expected concentration in biological samples.
Tetrahyrofuran (CAS No. 109-99-9) was the only solvent that was not in the present study database (Tables 1 and 2 ). The estimated biological exposure limit was 1.7 mg/l in response to TLV of 50 ppm (BEI=2 mg/l), whereas it was 7.1 mg/l for an OEL of 200 ppm (BOEL=2 mg/l). Perusal of publication records made it clear that am OEL had been published as early as in 1988 (the BOEL was set in 2008). It may be that the revision of the OEL has been delayed and that the OEL should be updated as early as possible.
Possible limitations of the study
There are several possible limitations in this study. As excretion of un-metabolized solvents in urine primarily depends on the diffusion, no difference in the velocity of biotransformation was taken into account. In combining multiple databases, no specific adjustment was applied except for the number of cases in each database study (i.e., by application of the number-weighted average for the representative slope in men). Exposure intensities were different within and across solvents, and there were differences in the physical burdens on workers (and therefore differences in respiration rate) among the workplaces, but no corrections for these factors were technically possible. No correction for number of workers was made across solvents, and equal weight was given across the 10 solvents; otherwise, the results would have been more influenced by common solvents such as acetone and toluene. Finally, the variation in overall estimation (Table 4) was considerable, although the correlation coefficient between log P ow and log Slope was as high as >0.9. This may be inherent to human studies, especially in field survey-based occupational health studies.
Conclusion
A statistical analysis-based procedure was established to estimate a BOEL for un-metabolized solvent in urine from a physic-chemical parameter of log P ow . The application of the procedure revealed a close agreement of the estimate with the BOEL and the BEI in the case of toluene, the BEI in the case of acetone and the BOEL in the case of methyl alcohol. Based on the estimation procedure, a proposal was made for BOEL for xylene. It is inherent to field surveybased studies that the variation tends to be substantial. Nevertheless, the method developed in the present study may be a promising tool to establish BOELs for un-metabolized solvents which will be excreted in urine. 
